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Salmonellosis is associated with the consumption of raw vegetables and fruits such as tomatoes, wa-
termelons, alfalfa sprouts, radishes, carrots, lettuce and parsley. The inﬂuence of the fruits’ roughness on
bacterial adhesion was evaluated as measured using a proﬁlometer. The adhesion of Salmonella enterica
serovar Typhimurium to mango and tomato surfaces was also evaluated by measuring of the hydro-
phobicity of the microorganisms and the fruits surfaces. The bacteria adherent on fruit’s surface was
quantiﬁed by plate count and visualize by scanning electron microscopy. In addition, the efﬁciency of
surfactin in removing S. Typhimurium from the fruits’ surfaces was analyzed. The average roughness (Ra)
of mango (4.54 1.95 mm) was signiﬁcantly different (p< 0.05) compared to tomato (2.88 2.15 mm).
The adhesion of the microorganisms to the fruits’ surfaces, as predicted by a determination of the total
energy of adhesion (DG), was thermodynamically unfavorable. Despite these data, the numbers of
bacteria on both fruits’ surfaces were similar (p> 0.05), reaching 5.95 0.36 log CFU cm2 and
5.81 0.39 log CFU cm2 on mango and tomato, respectively. Therefore, these results suggest that the
adhesion observed in this experiment is a multifactorial process. Surfactin removed 94.3% and 92.2% of
the S. Typhimurium adhered to the surfaces of the mangoes and tomatoes, respectively. Our research
showed that the roughness and hydrophobicity of the fruits’ surface did not affect the efﬁciency of each
sanitation treatments on removing of S. Typhimurium. It was observed that the chlorine was more
efﬁcient treatment (p< 0.05) for tomato surface. For surface of mangoes, chorine and surfactin were
better than water treatment for bacteria control.
 2013 Elsevier Ltd. All rights reserved.1. Introduction
Changes in eating habits, in agricultural production practices, in
processing and in trade have been implicated as contributing to an
increasing number of outbreaks of foodborne illnesses in many
countries, including Brazil.
After the consumption of raw green vegetables, outbreaks
caused by Enterobacteriaceae, particularly Salmonella, Escherichia
coli O157:H7, Shigella and Yersinia, and others, such as Campylo-
bacter and Listeria, are increasingly becoming a public health
problem, the control of which is classiﬁed as a priority by theWorld
Health Organization (2001).sa, Food Technology Depart-
-000, Brazil.
osé), jackline.jose@ufes.br (N.
All rights reserved.Foods of animal origin, such as poultry, eggs, meat, and dairy
products, have traditionally been recognized as vehicles of Salmo-
nella. However, salmonellosis has also been associated with the
consumption of raw vegetables and fruits such as tomatoes (Barak &
Liang, 2008), mangoes (Sivapalasingam, Friedman, Cohen, & Tauxe,
2004), watermelons (Blostein, 1993), carrots (Islam et al., 2004a),
lettuce and parsley (Islam et al., 2004b). It has been veriﬁed that soil,
irrigation water and raw manure contaminated with Salmonella
enterica can lead to the contamination of a diverse array of agricul-
tural crops for up to six months or more after the contamination
event occurs. The presence of Salmonella is highly persistent under
environmental conditions (Teplitski, Barak, & Schneider, 2009). The
physical and chemical properties of bacteria and food contact sur-
faces can contribute to the process of microbial adhesion. These
properties include hydrophobicity, electrical charge and roughness
(Araújo, Bernardes, Andrade, Fernandes, & Sá, 2009). The surface
properties of plants can be described by surface hydrophobicity,
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Luo, & Malyarchuk, 2009). Hydrophobicity relates to the chemical
composition and surface structure and inﬂuences hydration
(Vacheethasanee et al., 1998). The correlations between hydropho-
bicity and the roughness of stainless steel have been studied, how-
ever, there have been few reports on the effect of the surface
hydrophobicity of fruits and vegetables on bacterial adhesion.
Moreover, the relationship between the surface hydrophobicity and
surface roughness of fresh produce is largely unknown. Among
surfaces’ constitutional characteristics, cuticles are typically
embedded with cuticular wax, which not only inﬂuences plant
surface hydration but also alters the interaction between a plant and
microorganisms (Beattie & Marcell, 2002). Cutin, suberin and waxes
are the primary components of this coating surface and are produced
fromhydrophobic compounds that contribute to this hydrophobicity
(Brandl & Amundson, 2008).
The attachment of bacteria has been a problem in food safety and
become a challenge for processing industries. Some fruits and vege-
tables possess characteristic surfaces that provide for a stronger
attachment and colonization by bacteria (Bastos, Soares, Andrade,
Arruda, & Alves, 2005). To reduce microbiological hazards by
reducing the microbial load, the efﬁcient sanitization of vegetables
must be ensured (Issa-Zacharia, Kamitani, Miwa, Muhimbula, &
Iwasaki, 2011). Chlorine compounds, especially sodium hypochlo-
rite, are the most commonly employed for fruits and vegetables.
However, these compounds present the risk of the formation of un-
desirable compounds, such as trihalomethanes,which originate from
the reactions of these compounds with organic matter and are
considered potential carcinogens. In some European countries, the
use of chlorine on fresh foods has been prohibited (Pérez-Gregorio,
González-Barreiro, Rial-Otero, & Simal-Gándara, 2011). The removal
and/or elimination of pathogens, such as Salmonella, from the sur-
facesof fruits andvegetables are a challenge for the food industry (São
José & Vanetti, 2012). Therefore, it is important to develop and eval-
uate new strategies that contribute to the microbial safety of con-
sumer products. These strategies should consider alternatives that do
not result in toxic residues that can endanger human health and the
environment (Gabriel, 2012). One such strategy is the use of bio-
surfactants in cleaning and sanitizing procedures.
Biosurfactants (BS) are of microbial origin and have several
advantages over synthetic surfactants. BS have a low toxicity, are
biodegradable, present chemical diversity, are effective under
extreme environmental conditions (such as temperature, pH, and
high ionic strength), possess strong surface activities and emulsi-
fying abilities, and have antimicrobial and anti-adhesive properties
(Janek, qukaszewicz, & Krasowska, 2012; Nitschke & Costa, 2007;
Sriram et al., 2011). These compounds can be used either directly
as food additives to enhance the appearance/stability of some foods
and/or indirectly as detergent formulations to clean surfaces and
prevent food contamination (Freire, Araújo, Kronemberger,
&Nitschke, 2009). Surfactin is a cyclic lipopeptide biosurfactant
produced by Bacillus subtilis and has an aqueous critical micelle
concentration (CMC) of 25 mg/L (Mor, 2000). This biosurfactant can
lower the surface tension of water from 72 mN/m to 27 mN/m
(Cooper, MacDonald, Duff, & Kosaric, 1981).
Our aimwas to examine the effects of surface roughness and the
hydrophobicity of fruit on the adhesion of S. Typhimurium and
evaluate a sanitization procedure with surfactin.
2. Materials and methods
2.1. Microorganism suspension
From the a pure culture of S. enterica serovar Typhimurium
(ATCC 14028), maintained at 80 C in Eppendorf tubes containingBrain Heart Infusion (BHI) and glycerol (80:20, v:v), suspension
were prepared containing approximately 1.0107 CFUml1. The
suspensions of vegetative bacteriawere produced in two successive
subcultures in BHI broth by incubation at 35 C for 24 h. The
number of microorganisms in the suspensions was determined by
plating on Hektoen agar (Himedia, Brazil) and incubating the plates
at 35 C for 24 h.
2.2. Contamination challenge
Mangoes (Mangifera indica L.) and tomatoes (Lycopersicon
esculentum Mill.) were acquired from local retailers and stored at
7 C for a maximum of 24 h before the experiments. They were
selected for ﬁrm texture and lack of splits or cracks on the surface.
Mangoes and tomatoes with an average weight of 300 g 35 and
130 g 20, respectively, with intermediate maturity. After being
washed in running water and dried, the fruits were placed under
ultraviolet light (254 nm) at a distance of 38 cm from the source for
15 min to reduce the natural microﬂora. The fruits were inten-
tionally contaminated with S. Typhimurium. The mangoes and to-
matoes were placed in plastic bags containing 1.000 ml and 500 ml,
respectively, of sterile BHI broth, which was inoculated with a 1%
(v:v) of suspension of activated S. Typhimurium to obtain an initial
suspension of approximately 1.0105 CFUml1. After incubation at
25 C for 24 h, coupons (1.01.0 0.1 cm) were aseptically cut
using a scalpel, and the number of adherent bacteria was
quantiﬁed.
2.3. Enumeration of adherent bacteria
After the incubation period, the coupons with adherent bacteria
were statically maintained immerse for 1 min in 10 ml of 0.1%
peptone water to remove planktonic cells (loosely attached cells).
The couponswere then immersed in 10 ml of the same solution and
swirled using a vortex mixer for 1 min to release sessile bacteria
from coupons to peptone water (Parizzi, Andrade, Silva, Soares, &
Silva, 2004). Appropriate dilutions were prepared and transferred
to Petri dishes containing Hektoen agar, which were incubated at
35 C for 24 h. The number of CFU cm2 was determined using the
following equation:
CFU cm2 ¼ ðVD=VAÞ M  D
A
where: VD: volume used for rinsing (ml); VA: volume used for the
aliquot plated (ml); M: average colony number after incubation on
the plate (CFU); D: decimal dilution; A: area of the tested coupon
(cm2).
2.4. Sanitization procedure
After the step of removing bacteria planktonic (see Section 2.3),
the coupons were statically maintained immerse (soaking process)
in 10 ml of different sanitizers for 10 min. The coupons were then
immersed in 10 ml of chemicals agents for 1 min to neutralize any
residual sanitizer. The neutralizing agents used were 0.25% sodium
thiosulfate and 0.2% Tween 80 for chlorine and surfactin inactiva-
tion, respectively. The coupons were then immersed in 10 ml of
0.1% peptone and swirled using a vortex mixer for 1 min to release
the surviving bacteria, which were counted according to the pro-
cedure described in Section 2.3.
The sanitizing solutions used were 50 mg l1 of surfactin from
B. subtilis (SigmaeAldrich, USA) and 200 mg l1 of total residual
chlorine prepared from sodium dichloroisocyanurate (Sumaveg-
Johnson Diversey, São Paulo, Brazil). The chlorine solution was
Table 1
Components of the interfacial tensions of the substances at 25 C.
Substances Interfacial tension (mJm2)
gl
TOT gl
LW gl
þ gl

a-Bromonaphthalene 44.4 44.4 0.0 0.0
Water 72.8 21.8 25.5 25.5
Formamide 58.0 39.0 2.28 39.6
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negative control.
2.5. Roughness measurements
The microtopographies of the surfaces were evaluated using a
proﬁlometer of direct contact (XP1; Ambios Technology, Santa
Cruz, CA, USA). Roughness is expressed in micrometers (mm).
2.6. Scanning electron microscopy (SEM)
The samples for the SEM analysis were prepared according to
Sections 2.2e2.4.
The sanitized mango sections for SEM were then rinsed in a
0.05 M PBS buffer (pH 6.8e7.2) to remove the sanitizer residue and
non-adherent bacteria. The ﬁxation step consisted of a treatment of
5% glutaraldehyde: 0.1 M PBS buffer (1:1, v/v) for 1 h (25 C). The
sections were then washed six times for 10 min in 0.05 M PBS
buffer (pH 6.8e7.2). The dehydration step consisted of serial
treatments in ethanol, consisting of 30%, 50%, 70%, 80% and 95%
ethanol for 10 min each and three treatments of 100% ethanol for
15 min each. The samples were then transferred to a critical point
drier (Critical Point Dryer e model CPD020, Balzers, Liechtenstein)
for total dehydration. The samples were ﬁnally gold sputter coated
(model FDU 010, Bal-Tec, Balzers, Liechtenstein), and images were
recorded using a scanning electron microscope (model Quanta 200
FEI).
2.7. Contact angle measurement
2.7.1. Surfaces
For the different surfaces, the contact angles between the sur-
face andwater (Milli-Q), formamide (LGC Bio, São Paulo, Brazil) and
a-bromonaphthalene (Merck) were determined using a goniom-
eter (Kruss, Hamburg, Germany). Measurements of the contact
angle of one 2.0 ml drop were taken each second for 30 s for all
liquids and surfaces.
2.7.2. Microorganisms
Measuring the contact angle on the surfaces of S. Typhimurium
was performed on a layer of vegetative cells using the method
described by Busscher et al. (1984). First, S. Typhimurium were
activated twice in BHI to obtain a suspension of active cultures with
approximately 1.0107 CFUml1. Later, the suspension was
centrifuged at 4000 g (4 C) for 10 min and then washed three
times in 0.1 M phosphate-buffered saline (PBS). The bacteria mass
was resuspended in the buffer and deposited on a membrane ﬁlter
assembly of cellulose acetate (0.45 mm pore size and 47 mm
diameter) by ﬁltration using negative pressure. During the ﬁltra-
tion, 30 ml of pure water (Milli-Q) was added.
To standardize the moisture content, the ﬁlters were transferred
into Petri dishes containing 1% agar (w/v) and 10% glycerol (v/v).
The membranes were cut into three pieces to determine the angle
of contact with the three liquids of different polarities.
2.7.3. Determination of the total interfacial tension (gs
tot)
The total interfacial tension was determined by the sum of the
apolar and polar components of the respective surfaces (Equation
(1)):
gTOTl ð1þ cos qÞ ¼ 2
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
gLWs g
LW
l
q
þ 2
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
gs g
þ
l
q
þ 2
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
gþs gl
q
(1)
where glTOT is the total interfacial tension of the liquid; gLW is the
interfacial tension of the interactions of the Lifshitzevan der Waalsforces; gþ is the interfacial tension of the electron acceptor
component of the acid-base component; g is the interfacial ten-
sion of the electron donor component of the acid-base component,
q is the contact angle and s and l indicate surface and liquid,
respectively (Van Oss & Giese, 1995).
The three components of the interfacial tension of the surfaces
were determined from the contact angles obtained from three
liquids with different polarities, whose interfacial tensions are
known, as shown in Table 1.
The interfacial tension is the result of the sum of the two com-
ponents (gsLW and gsAB):
gLWs ¼ 11:1ð1þ cos qBÞ (2)
gABs ¼ 2
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
gþs gs
q
(3)
gtots ¼ gLWs þ gABs (4)
where gsLW is the interfacial tension of the interactions of the Lif-
shitzevan derWaals forces; qB is the contact angle obtained with a-
bromonaphthalene; gsAB is the polar component of the Lewis acid-
base interaction; gsþ is the interfacial tension of the electron
acceptor component of the acid-base component; gse is the inter-
facial tension of the electron donor component of the acid-base
component and gstot is the total interfacial tension of the surface.2.7.4. Free energy of interaction (DGsws
TOT)
The total free energy of interaction among molecules of the
surface(s) immersed in water (w) was determined by the sum of
the apolar and polar free energies of interaction, DGswsLW and DGswsAB ,
respectively.
DGtotsws ¼ DGLWsws þ DGABsws (5)
DGLWsws ¼ 2
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
gLWs  gLWw
q
(6)
DGABsws ¼ 4
 ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
gþs gs
q
þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
gþwgw
q

ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
gþs gw
q

ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
gþwgs
q 
(7)2.7.5. Determination of the total free energy of adhesion
(DGadhesion)
Using the values of the components of the interfacial tensions, it
is possible to determine the DGadhesion between two surfaces
(bacteria surface (b) and food processing surfaces (s)):
gbs ¼ gLWbs þ gABbs (8)
gLWbs ¼ gLWb þ gLWs  2
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
gLWb g
LW
s
q
(9)
gABbs ¼ 2
 ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
gþb g

b
q
þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
gþs gs
q

ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
gþb g

s
q

ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
gb g
þ
s
q 
(10)
Fig. 1. Images obtained by scanning electron microscopy: a) tomato; b) tomato e after adhesion process; c) mango; d) mango e after adhesion process.
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can then be represented by the following:
DGadhesion ¼ DGLWbls þ DGABbls (11)
DGLWbls ¼ gLWbs  gLWbl  gLWsl (12)
DGABbls ¼ gABbs  gABbl  gABsl (13)
where gbs is the interfacial tension between the bacterial surfaces
and the adhesion surface; gbl is the interfacial tension between the
bacterial surfaces and the liquid; and gsl is the interfacial tension
between the adhesion surfaces and the liquid.
The DGadhesion values allow for evaluation of the thermody-
namics of the adhesion process: if DGadhesion< 0, the process is
favorable; if DGadhesion> 0, the process is unfavorable.
2.8. Statistical analysis
The microbiological and hydrophobicity analyses were con-
ducted in completely randomized design (CRD) with three repeti-
tions and duplicate. Roughness measurements were conducted in
CRD with ﬁve repetitions and quadruplicate. A signiﬁcance level of
5% was used for Duncan’s test using Statistical Analysis System
(SAS, 2006) version 9.1.
3. Results and discussion
3.1. Roughness
The average roughness (Ra) of the mangoes (4.541.95 mm)was
signiﬁcantly different (p> 0.05) from the tomatoes(2.88 2.15 mm). The mangoes were rougher compared to the to-
matoes, a characteristic facilitating the adhesion to the mangoes
even though the fruit has a hydrophilic surface. Adherencemay also
be facilitated by an increased contact area between the microor-
ganisms and the surface (Lima, São José, Andrade, Pires, & Ferreira,
2013). Whitehead, Colligon, and Verran (2004) found a higher
adherence of microorganisms to solid surfaces with an increase in
the Ra values, indicating an increased adhesion to rougher surfaces.
Depressions and elevations on a surface can also create a larger
surface area for bacterial colonization (Katsikogianni & Missirlis,
2004) and can protect bacteria from shearing forces. However, ac-
cumulations in these depressions largely depend on the size, cell
dimensions and cell cycle stage of the bacterium (Katainen,
Paajanen, Ahtolaa, Poreb, & Lahtinen, 2006). Studies by Wang
et al. (2009) have demonstrated that there is a positive linear cor-
relation between Ra and the rate of E. coli O157:H7 adhesion on the
surfaces of four types of fruit. Fig. 1 illustrates the roughness of fruit
surfaces.3.2. Scanning electron microscopy
The micrograph indicates the structural difference between the
surfaces of tomato and mango (Fig. 1a and c, respectively). After the
adhesion process involved in this experiment, cells adhered were
detected on the fruits surfaces (Fig. 1b and d, respectively).3.3. Analysis of surface hydrophobicity
Making a qualitative analysis of surface hydrophobicity
(analyzing the contact angle with water) (Table 2), the surfaces of
tomatoes were considered hydrophobic, whereas the mango sur-
face and S. Typhimuriumwere considered hydrophilic. According to
Table 3
Values of the apolar (DGswsLW ) and polar (DGswsAB ) components and of the total free
energy of interaction (DGswsTOT) of the different surfaces.
Surfaces DGswsLW DGswsAB DGswsTOT
S. Typhimurium 1.241 34.492 33.252
Mangoes 1.440 6.075 4.635
Tomatoes 1.773 38.432 40.206
Note e table values (DGswsLW , DGswsAB and DGswsTOT) are calculated using the average of the
angles of contact with water, formamide and a-bromonaphthalene.
Table 4
Free energy of adhesion (mJm2) between the S. Typhimurium cells and the mango
and tomato surfaces immersed in water and the adhesion of S. Typhimurium cells
(log CFU cm2) to the mangoes and tomatoes.
Bacteria/surface DGadhesion Adhesion (log CFU cm2)
S. Typhimurium/mangoes 3.333 5.95 0.36a
S. Typhimurium/tomatoes 4.779 5.81 0.39a
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and angles exceeding 65 are hydrophobic.
In this experiment, surface hydrophobicity was also assessed by
quantitative measurements of the free energy of interaction
(DGsws). According to Van Oss and Giese (1995), when the value of
DGsws
TOT is negative, the surface is considered hydrophobic, and when
it is positive, the surface is considered hydrophilic. Thus, S. Typhi-
murium and the mango surfaces were considered hydrophilic,
whereas the tomatoes were considered hydrophobic (Table 3).
According to the literature the bacteria surfaces, such as Salmo-
nella Enteritidis and Bacillus cereus are hydrophilic (Bernardes et al.,
2010; Lima et al., 2013) whereas fruit and vegetable can be hydro-
phobic or hydrophilic, depending chemical composition of the
surfaces. Lima et al. (2013) observed that the free the free energy of
interaction values of the surfaces of the hydroponically cultivated
lettuce leaves was classiﬁed as hydrophobic (DGsws< 0). The sur-
faces of conventionallygrow lettuce leaveswere slightly hydrophilic
(DGsws> 0). Experimental data indicate that tomato and spinach
surfaces were considered hydrophobic and lettuce and potato sur-
faces were hydrophilic (Zhang, Oh, Zevallos, & Akbulut, 2013).Table 53.4. Free energy of adhesion (DGadhesion)
In our experiment, a study designed and conducted to predict
the adhesion of S. Typhimurium on mango and tomato surfaces by
determining the total energy of adhesion (DG) (Table 4).
Thermodynamic theory reports that adherence is a favorable
process if the free energy per area unit is negative (DGadhesion< 0),
meaning that a spontaneous adhesion occurs, leading to a decrease
of the free energy of the system, as determined by the second law of
thermodynamics.
As shown in Table 4, the process of S. Typhimurium adherence is
thermodynamically unfavorable for both surfaces studied
(DGadhesion> 0); however, adherence may occur any way. This result
can be explained because this theory does not take into account the
microbiological aspects of the adhesion. S. Typhimurium did not
display signiﬁcantly different behaviors on the two surfaces studied.
According to Van Oss and Giese (1995), it is well known that an
aqueous environment favors adhesion to hydrophobic surfaces due
to the expulsion of water. However, it should be emphasized that
adhesion can occur between a hydrophobic and hydrophilic surface
or between two hydrophilic surfaces.
The interfaces between water and bacteria and between water
and a surface must be replaced by an interface between the bacteria
and the surface (Van Loosdrecht, Norde, Lyklema, & Zehnder, 1990).
Water removal of a surface is facilitated by its hydrophobicity. It is
easier to eliminate the water between two hydrophobic surface
because the surface molecules are less attracted to the water mol-
ecules compared to the interactions with itself (Araújo et al., 2009).
Although research studies on adhesion to vegetable surfaces are
scarce, it is known that the secretion of mucilage, which is
composed of several chemical compounds such as sugars and
proteins, helps bacteria grow on vegetable surfaces (Brandl &
Amundson, 2008).Table 2
Contact angle with water (qw), formamide (qF) and a-bromonaphthalene (qB) on
different surfaces.
Surfaces Contact angle ()
qw qF qB
S. Typhimurium 25.5 6.2 32.3 13.7 50.4 11.4
Mangoes 59.8 5.4 56.7 6.9 49.0 3.2
Tomatoes 79.9 3.7 75.9 6.5 46.8 5.5
Note: values are the mean standard deviation of duplicate samples.3.5. Sanitization procedure
Considering the mango and tomato surfaces, our research
showed that roughness and hydrophobicity of the fruits surface did
not affect the efﬁciency of each sanitation treatments on removing
of S. Typhimurium (Table 5). Surfactin removed the bacteria the
same manner from mango (rough and hydrophilic surface) and
tomato (smooth and hydrophobic surface). This behavior was
observed for the water and chlorine treatments. Similar ﬁndings
were reported by Zhang et al. (2013). These authors analyzed the
inﬂuence of the hydrophobicity and roughness of the four different
surfaces on bactericidal effects of nonthermal low-pressure oxygen
plasma on removing of S. Typhimurium. The sanitization method
showed similar efﬁciency for rough hydrophobic (spinach), rough
hydrophilic (lettuce), smooth hydrophobic (tomato) and smooth
hydrophilic (potato) surfaces.
Analyzing the efﬁciency of the sanitizing procedures for the
same surface, it was observed that the chlorine was more efﬁcient
(p< 0.05) for tomato surface. For surface of mangoes, chorine and
surfactin were better than water treatment to bacteria control
(Table 5).
Fruits and vegetables can be very difﬁcult to clean because of
their soft tissues that are easily damaged and the irregular surfaces
with microenvironments that protect microbes. The natural waxes
on plant surfaces and the oils and waxes commercially applied to
plant surfaces may also affect the efﬁcacy of cleaning procedures
and sanitizers (Doyle, 2005).
In this work, water and surfactin removed, on average,
0.98 log CFU cm2 and 1.2 log CFU cm2 of S. Typhimurium from
the surfaces analyzed, respectively. During an experiment per-
formed by Quadros, Duarte, and Pastore (2011), water removed
0.88 log CFU cm2 of Listeria innocua adhered on stainless steel
coupons, and surfactin removed 1.79 log CFU cm2.The decimal reduction of S. Typhimurium on mangoes and tomatoes coupons after
treatment with various sanitizer solutions.
Sanitizers Number of decimal reduction,
log CFU cm2a
Mangoes Tomatoes
Water control 0.92Aa 0.16 1.03Aa 0.27
Chlorine 200 mg l1 2.15Bb 0.75 2.04Bb 0.58
Surfactin 50 mg l1 1.25Bc 0.09 1.18Ac 0.34
a Means followed by same capital letter in the same column and lower case letter
in same line not differ by Duncan test 5% (p< 0.05).
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observed that 0.1% surfactin decreased S. Enteritidis bioﬁlm by
35.3% on a polystyrene surface after 2 h of treatment. In our
experiment, 0.005% surfactin removed 94.3% and 92.2% of the S.
Typhimurium adhered to the surfaces of the mangoes and to-
matoes, respectively, after 10 min of contact. Despite the work
being performed on different surfaces, the bacteria displayed a
similar behavior and the surfactin did not demonstrate a good ef-
ﬁciency relative to water in the removal of the bacteria.
4. Conclusion
It was observed that the adherence of S. Typhimurium to the
surfaces of mangoes and tomatoes was statistically similar. The
surface of the mango was considered hydrophilic, whereas the
surface of the tomato is hydrophobic. Thus, it was expected that the
bacteriawould demonstrate a lower level of adhesion to the surface
of themangoes. However, this surface displayed a higher roughness
compared to the tomatoes, which allowed the bacteria to adhere to
the same amount of area on both surfaces. Our research showed
that the roughness and hydrophobicity of the fruits surface did not
affect the efﬁciency of each sanitation treatments on removing of S.
Typhimurium. It was observed that the chlorine was more efﬁcient
(p< 0.05) for tomato surface. For surface of mangoes, chorine and
surfactin were better than water treatment for bacteria control.
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